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ABSTRACT 
        Burkholderia thailandensis is largely avirulent in humans and closely related to Burkholderia 
pseudomallei, which causes melioidosis. One of the virulent factors of gram-negative bacteria is the ability to produce 
biofilms. Both of B. pseudomallei and B. thailandensis have been reported to develop biofilms. Therefore, we interest 
to study meliodosis bacterial biofilms through B.thailandensis as model. Nowaday, Ceftazidem Ceftazidime (CAZ) is 
used antibiotic currently in melioidosis treatment from B. pseudomallei infection but increasing incidence of CAZ 
resistance has been reported. Antimicrobial peptides ( AMPs)  are alternative novel agents against drug-resistant 
pathogenic bacteria. Previous study showed that antimicrobial peptides have potential as anti-biofilm agents. In this 
study, we investigated the activity of CAZ and antimicrobial peptide CA-MA against B.thailandensis UE5. The 
results showed that 32 μg/mL of CAZ and could not eradicated the biomass of biofilms from B. thailandensis UE5 
but can inhibit bacteria inside biofilms dramatically at 128 μg/mL. In contrast, CA-MA (Cecropin-Magainin) at 128 
μg/mL can eradicate biomass of biofilms from B. thailandensis UE5 and can inhibit bacteria inside biofilms weakly 
with the same concentration. FTIR was used to examine and compare changes of the biofilms composition. We found 
that FTIR fingerprint of biofilms from B.thailandensis UE5 under control condition and CAZ treatment is not 
different. This indicated that CAZ did not alter biofilms composition. This study has demonstrated the different 
activity between antimicrobial peptide and antibiotic in inhibiting biofilms. 

บทคดัย่อ 
        แบคทีเรียสายพนัธ์ุ B.thailandensis จัดว่าเป็นแบคทีเรียสายพนัธ์ุท่ีไม่ก่อโรคในมนุษย  ์และมีความใกลชิ้ดกับ
แบคทีเรียสายพนัธ์ุ B.pseudomallei ซ่ึงเป็นสาเหตุก่อโรคเมลิออยด ์พบวา่เช้ือแบคทีเรียทั้งสองสายพนัธ์ุสามารถสร้างไบ
โอฟิลม์ ซ่ึงเป็นปัจจยัหน่ึงในความรุนแรงของโรคเมลิออยด ์ ในปัจจุบนัยาปฏิชีวนะเซฟตาซิดีมถูกใชเ้ป็นยารักษาโรคเม
ลิออยด์ และพบว่าแบคทีเรียมีความทนทานต่อยาชนิดน้ีมากข้ึน ในการรักษาโรคท่ีเกิดจากเช้ือแบคทีเรียท่ีมีความ
ทนทานต่อยาปฏิชีวนะโดยใชเ้ปปไทดต์า้นจุลชีพ (antimicrobial peptides) พบวา่เปปไทดต์า้นจุลชีพมีประสิทธิภาพสูง
ในการทาํลายไบโอฟิล์ม (anti-biofilms) ในงานวิจัยน้ีผูว้ิจัยตอ้งการตรวจสอบกิจกรรมของยาปฏิชีวนะเซฟตาซิดีม
และเปปไทด์ตา้นจุลชีพกบัไบโอฟิล์มของแบคทีเรียสายพนัธ์ุ B.thailandensis UE5 พบว่า ยาปฏิชีวนะเซฟตาซิดีมท่ี
ความเขม้ขน้ 512 ไมโครกรัมต่อมิลลิลิตรไม่สามารถทาํลายไบโอฟิลม์ พบวา่ความเขม้ขน้ท่ี 128 ไมโครกรัมต่อมิลลิตร
สามารถยบัย ั้งแบคทีเรียท่ีอยู่ภายใต้ไบโอฟิล์ม ในทางกลับกัน เปปไทด์ต้านจุลชีพ CA-MA ท่ีความเข้มข้น 128 
ไมโครกรัมต่อมิลลิลิตร สามารถทาํลายไบโอฟิล์ม และยบัย ั้งเช้ือแบคทีเรียภายใตไ้บโอฟิล์ม จากนั้นใชเ้ทคนิค FTIR 
เพ่ือตรวจสอบและเปรียบเทียบองคป์ระกอบของไบโอฟิลม์ท่ีเปล่ียนแปลง จากการตรวจสอบ FTIR fingerprint ของไบ
โอฟิลม์จาก B.thailandensis UE5 พบวา่ไบโอฟิลม์ในกลุ่มควบคุมและกลุ่มทรีตเมนท์ดว้ยยาปฏิชีวนะเซฟตาซิดีมมีค่า
ไม่แตกต่างกนั แสดงใหเ้ห็นวา่ยาปฏิชีวนะไม่มีผลต่อองคป์ระกอบของไบโอฟิลม์ จากการศึกษาในคร้ังน้ีแสดงถึงความ
แตกต่างของกิจกรรมจากเปปไทดต์า้นจุลชีพและยาปฏิชีวะจากในการยบัย ั้งไบโอฟิลม์ 
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Introduction                                                                    
s      Burkholderia pseudomallei is a Gram-negative, 
soil saprophyte and the causative agent of 
melioidosis, an endemic disease throughout southeast 
Asia and northern Australia ( West et al., 2008)  the 
Indian subcontinent, Iran, and Central and South 
America ( Kanthawong et al., 2010; Tyson et al., 
2009)   B. pseudomallei is intrinsically resistant to 
many antimicrobial agents. CAZ is the drug of choice 
that mostly effective for melioidosis treatment 

(Sawasdidoln et al., 2010). Up to a few years ago, B. 
thailandensis was considered to be an avirulent 
biotype of B. pseudomallei, as the two organisms are 
very similar to one another in most characteristics. 
B. thailandensis has similar environment distribution, 
indistinguishable morphology, share similarity 
genome and majority of virulence factors similar to B. 
pseudomallei ( Yoon et al., 2010) , excepting for 
virulence factors against man and animals 
( Kespichayawattana et al., 2004)  B.thailandensis is 
useful as model organism which less virulent than 
B.pseudomallei, suit for researcher to study 
pathogenicity of meliodosis ( West et al., 2008)  and 
does not require a biosafety level 3 containment 
facility to study B.thailandensis . thailandensis has 
similar environment distribution, indistinguishable 
morphology, share similarity genome and majority of 
virulence factors similar to B. pseudomallei (Yoon et 
al., 2010), excepting for virulence factors against man 
and animals ( Kespichayawattana et al., 2004) 

B.thailandensis is useful as model organism but is 
less virulent than B.pseudomallei, suiting for 
researcher to study pathogenicity of meliodosis (West 
et al., 2008) . Moreover, one does not require a 
biosafety level 3 containment facility to study 
B.thailandensis. One of the virulent factors of Gram-
negative bacteria is the ability to produce biofilms. 
Both of B. pseudomallei and B. thailandensis has been 
reported to develop biofilm ( Taweechaisupapong et 
al., 2005; Andreae et al., 2014) . Biofilms are 
complex, localized and fixed networks of microbial 
cells enclosed in a self-produced polymeric matrix. 
(Jorge et al., 2012) Growing biofilms are resistant to 
several antibiotics or other antimicrobial agents up to 
1,000 times than planktonic cells (Sawasdidoln et al., 
2010; Park et al., 2011)  which cause problem with 
medical device. Research has been focused in 
biofilms prevention and two main steps in destroying 
biofilms. Those are 1) dispersion or eradication of the 
biofilm exopolysaccaride ( EPS)  and 2) penetration 
into bacteria embedded in the EPS (Park et al., 2011; 
Jorge et al., 2012) . Typically, lethal or inhibiting 
concentrations of antibiotics need to increase when 
treating bacteria with biofilms because they are might 
unable to translocate into EPS to reach the bacterial 
cells inside. In contrast, antimicrobial peptides are 
believed to have potential as anti-biofilm due to their 
different activity (Park et al., 2011). We perform anti-
biofilm activity of CAZ and antimicrobial peptide 
CA-MA against B.thailandensis UE5 biofilm.  

 
 

 
 

 
 

Figure 1  Biofilm reduction can be achieved in two ways, 1) reduction of surface-bound population called 
penetration mechanism ( A)  and removal of the established biofilm called dispersion or eradication 
mechanism (B) 
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BA 
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Methods 
        Biomass of biofilms quatification 
        The quantitative biomass assay for biofilm was 
performed according to method described by 
Taweechaisupapong et al. ( 2005)  with briefly 
modification. The BHI was inoculated with 2% 
inoculum ( v/v)  of B.thailandensis UE5 from 
overnight fresh culture and incubated further for 18 h. 
The 18-h culture was adjusted to give an optical 
density ( OD)  at 540 nm of 1.0. 150 μL of adjusted 
suspension was added into the well of the sterile 96-
well plate. The plates were incubates aerobically at 
37°C for 24 h. After that, the supernatant fluid of 
each well was aspirated to remove nonadherant cells 
and the wells were washed with 150 μL of sterilized 
PBS. Then, CAZ was added into biofilm- forming 
wells at range of concentrations (4,096, 2,048, 1,024, 
512 and 256 μg/mL) , for CA-MA the range of 
concentrations are 512, 256, 128, 64 and 32 μg/mL. 
Then, the wells were further incubated for 24 h, each 
well was washed with sterilized PBS, and fixed with 
200 μL of absolute methanol for 15 min and dried at 
room temperature. Each well was stained for 5 min 
with 150 μL of Hucker crystal violet. Excess stain 
was removed with running tap water. The plates were 
air dried and the dye bound to biofilm was solubilized 
with 150 μL of 33% (v/v)  glacial acetic. The OD of 
each well was measured at 630 nm using microplate 
reader (SpectraMax M5). The biomass of biofilm was 
determined twice and the results reported were the  
average±S.D. from these two independent 
experiments and report as OD at 630 nm. 
        Quantification of bacterial viability embeded 
biofilm 
        Bacterial viability were determined by resazurin 
staining technique to predict biofilm penetration by 

antimicrobial agents (Siala et al., 2014; Chung et al., 
2014) with briefly modification from Skogman, et al. 
(2012) and Taweechaisupapong et al (2005). The BHI 
was inoculated with 2% inoculum ( v/v)  of 
B.thailandensis UE5 from overnight culture and 
incubated further for 18 h. The 18-h culture were 
adjusted to give an optical density (OD) at 540 nm of 
1. 150 μL of adjusted suspension was added into 
sterile 96-well plate. The plates were incubated 
aerobically at 37°C for 24 h. After 24 h, the 
supernatant fluid of each well was aspirated to 
remove nonadherant cells then, wells were washed 
with 150 μL of sterilized PBS. Both CAZ and CA-
MA were added into biofilm-forming wells at range 
of concentration ( 512, 256, 128, 64 and 32 μg/mL) , 
and further incubated for 24 h. After that, wash wells 
with sterilized PBS. Each well was stained with 20 
μM of resazurin with 150 μL each well for 4 h. Then, 
the resazurin left in the wells were measured by 
fluorescent mode with excitation wavelength and 
emission wavelength at 540 nm and 590 nm, 
respectively. The bacterial viability was determined 
twice and the results reported were the average±S.D. 
from two independent experiments and report as 
florescent intensity.  
        FTIR analysis     
        To determine effect of antimicrobial agents with 
B. thailandensis UE5 biological compositions by 
using FTIR analysis technique, described by Ansari et 
al. (2013) and Taweechaisupapong et al (2005) with 
briefly modification. The BHI was inoculated with 
2% inoculum ( v/v)  of B.thailandensis UE5 from 
overnight culture and incubated further for 18 h. The 
18-h culture was adjusted to give an optical density 
(OD) at 540 nm of 1.0, then added 4 mL of adjusted 
culture into sterilized glass plate. Plates were 
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incubated at 37°C, 60 RPM of agitation. Then, 4 mL 
of each concentration of antimicrobial agents were 
added into biofilm-forming glass plates 512 μg/mL, 
further incubation for 24 h. Then, wash plates with 
sterilized PBS as above and dried. Treated and 
untreated biofilms were analyzed with FTIR spectrometer 
( Bruker TENSOR27.  Bipfilms materials were 
powdered. Transfered biofilm powdered to ATR 
crystal, and then transmission spectra were recorded 
from 4000 cm-1 with 4 cm-1 spectral resolution. The 
biofilm composition was determined twice and result 
reported as FTIR spectra (cm-1). 
 
Results  
        Quantification of biofilms biomass 
        In this experiment, antimicrobial agents were 
added onto the established biofilms to observe the 
effect of antimicrobial agents in dispersing through 
established biofilms. The results showed that biofilm 
of B. thailandensis UE5 treated with CA-MA at 64 
μg/mL was slightly and significantly eradicated than 
control group. Noticed that, CA-MA at 32 μg/mL has 
no effect with biofilms (Fig 2). Similarly, the 
established biofilms treated with CAZ at 32 μg/mL 
and higher concentration cannot eradicated 
significantly B.thailandensis biofilms (Fig 3). 
        Quantification of bacterial viability embeded 
biofilms  
        In this experiment CAZ and CA-MA were 
applied onto the established biofilms of B. 
thailandensis UE5 to observe the penetration 

 
Figure 2 Biomass of B. thailandensis UE5 biofilm 

treated with CA-MA at 32-512 μg/mL. 
Three wells are used for each CA-MA. Data 
are shown as mean±S.D. of values from 
two independent experiments. *p<0.05 vs 
control  

 
Figure 3 Biomass of  B. thailandensis UE5 biofilm 

treated with CAZ at 32-512 μg/mL. Three 
wells are used for each CAZ. Data are 
shown as mean±S.D. of values from two 
independent experiments.*p<0.05 vs control 

 
 activity of both antimicrobial agents into biofilm. 
The results showed that CA-MA at 128 µg/mL 
concentration have effect to inhibit bacteria inside 
biofilm. (Fig 4) On the other hand, CAZ at 32 μg/mL 
significantly inhibited cell viability but CAZ at higher 
concentration ( 128 μg/mL)  can dramatically and 
significantly inhibited the cell viability embeded 
biofilm (Fig 5) 
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        FTIR analysis 
        The FTIR spectra exhibited well defined spectra 
regions that correspond to the vibration of 

 
Figure 4 Bacterial viability quantification of B. 

thailandensis UE5 treated with CA-MA at 
32-512 μg/mL. Three wells are used for 
each CA-MA. Data are shown as 
mean±S.D. of values from two 
independent experiments. *p<0.05 vs 
control  

 

Figure 5 Bacterial viability quantification of B. 
thailandensis UE5 treated with CAZ at 32-
512 μg/mL. Three wells are used for each 
CAZ. Data are shown as mean±S.D. of 
values from two independent experiments. 
*p<0.05 vs control  

chemical group from B. thailandensis UE5 biofilm 
( Fig6) . A tentative assignment of bands 
corresponding to functional groups is summarized in 
Table 1. The biofilm in the control group showed the 
peak at 3278 cm-1, indicating the N-H and O-H 

stretching vibration found in polysaccharides and 
proteins. The peak at 2956 cm-1 indicated the C-H 
symmetric stretch of CH2 functional groups 
dominated by fatty acid chains. The peak at 2872 
might represented C-H symmetric stretch of CH2 in 
fatty acids. The peak at 1641 cm-1 might represent 
amide I, stretching C=O in amide. The peak at 1543 
cm-1 represented amide II. The peak at 1454 cm-1 
represented C-H bending from CH2 and CH3. The 
peak at 1399 cm-1 might represented C=O stretching 
for deprotonated COO- group. The peak at 1233 cm-

1might represent P=O symmetric stretching in 
phosphodiester fucntional group of DNA/RNA 
polysaccharide backbone. The peak at this range 1156 
and 1072 cm-1 represented oligo and polysaccharides 
vibration. The peak at 859 cm-1 represent glycosidic 
linkage with anomeric region ( Wang et al., 2013; 
Schmitt et al., 1995) . When comparing the control 
with the CAZ-treated group, the peak at 2956 cm-1 

disappeared and the peak at 1645 cm-1 exhibited 
shrinkage as shown in Fig 6.  
 
Discussion and conclusion 
        In this study, we treated the established biofilm 
in the 96-well plate with the antibiotic, CAZ and the 
antimicrobial peptide, CA-MA in order to follow 
biofilm biomass. The result shown that CA-MA at 
128 μg/mL have effect on B.   Table 1 
           Assignment of functional groups associated  
in FTIR spectra of biofilms 
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Applied from Wang et al. (2013) and Schmitt et al.(1995) 

thailandensis UE5 biofilm. In contrast, CA-MA at 32 
μg/mL show no effect with B. thailandensis UE5, i.e. 
This result are similar which CA-MA can inhibit 
P.aeuginosa biofilm (Dosler, Karaaslan, 2014) whom 
related with Burkholderia spp. ( Fig. 2) . CAZ at 512 
μg/mL have no effect to reduce biomass (Fig 3). The 
result suggested that the composition of EPS from 
biofilms could prevent CAZ destroy biofilm by 
eDNA form EPS which attach and degrade CAZ. 
Noted that our concentrations were all lower than 
minimum biofilm eradication concentration ( MBEC) 
of antimicrobial agents against the biofilm of P. 
aeruginosa ATCC 27853 ( Dosler, Karaaslan, 2014) . 
We could conclude that antimicrobial agents 
exhibited eradication effect toward B. thailandensis 
UE5 biofilm which antibiotics cannot. 
 
 
 
 

Table 1 
           Assignment of functional groups associated  
        Next, we followed bacterial viability to predict 
penetration activity of the antimicrobial agents. The 
result showed that CA-MA at 128  μg/mL have effect 
on bacterial viability, meaning CA-MA could 
penetrate the biofilms to inhibit growth of bacterial 
cells attached inside (Fig 4). On the other hand, CAZ 
at lowest concentration ( 32 μg/mL)  slightly inhibit 
the bacteria viability which could be the effect of β-
lactamase from B.thailandensis that can inhibit B-
lactam ring from CAZ ( Poole, 2011)  and the higher 
the concentration (128 μg/mL and further), the higher 
inhibition. (Fig 5). This suggested that CAZ which is 
active against only dividing cells was not very 
efficient at eradicating the biomass of B. 
thailandensis UE5 biofilms ( Chung, Toh, 2012) 
Therefore, CAZ is effective for penetrating the 
biomass to inhibit the the bacterial  viability. This will 
confirm by study which have shown that the 
penetration of antibiotics not limited in bacterial 
biofilm ( Bordi, Bentzman, 2011) .  Finally, we 
performed FTIR analysis of CAZ untreated and 
treated biofilm. ATR-FTIR absorpion requires a 
change of molecular vibration of polar group. These 
peaks represent functional group vibration in the main 
biomolecular composition such as lipids, proteins, 
polysaccharides, phospholipids, nucleic acids, and 
other carbohydrates. The result showed that B. 
thailandensis UE5 biofilm was composed of 
polysaccharides and protein and others. The FTIR 
spectra at wavenumber 2956 and 1641 cm-1 
disappeared when treated with CAZ at 512 μg/mL, 
indicating that CAZ altered the amide component 
such as N-acetylmuramic acid ( NAM) , and N-
acetylglucosamine ( NAG)  which contain amino 

FTIR 
frequency 

(cm-1) 
Definition of the spectral assignment 

3290 N-H and O-H stretching vibration: polysaccharides and proteins 

2930 C-H symmetric stretch of CH2 functional groups dominated by 
fatty acid chains 

2850 C-H symmetric stretch of CH2 in fatty acids 

1647 Amide I, stretching C=O in amides; C-N, -NH and –NH2 bending of protein and peptides amide 

1548 Amide II, N-H bending and C-N stretching in amides; bending, 
-NH and NH2 of amides 

1539 Amide II, N-H binding, C-N stretch of proteins and peptides 

1453 C-H bending from CH2 and CH3 
1402 C=O symmetric stretching for deprotonated COO- group and C-

O bending from COO- 

1243 
P=O symmetric stretching in phosphodiesters, monoester 
phosphate functional groups, functional group of DNA/RNA 
polysaccharide backbone structure and phosphorus-containing 
carbohydrates 

1114 Polysaccharide region vibration 

1084 C-OH, C-O, C-C stretching and C-O-C, C-O ring 

1056 Vibration of carbohydrates (oligo and polysaccharides); C-O-P, 
P-O-P and P=O stretching of polyphosphate products 

916 C-O, C-C stretching, C-OH, C-O-C deformation of 
carbohydrates 

858 Glycosidic linkage type “anomeric region” 
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group. CAZ also altered the cell membrane of 
bacteria containing acyl group. FTIR-analysis also 

showed that CAZ inhibited peptidoglycans from  
cell membrane. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6  FTIR spectra of B. thailandensis UE5 biofilms. (A) the spectra of untreated biofilm after 48 h. (B) the 

spectra of biofilm treated with 512 μg/mL of CAZ after 48 h 
 
 

Our finding demonstrate that CA-MA 
have slight effect with biofilms but CAZ, which 
have no effect. Due to low concentration or these 
agents have no activity with biofilms. These result 
confirmed by FTIR. For penetration study shows 
that, CA-MA have slightly bacterial inhibition 
effect but CAZ have dramatically bacterial inhibit effect 
with B.thailandensis biofilms. Due to CAZ might 
translocated through EPS, then inhibit bacteria 
embeded inside biofilms. 
 

Acknowledgements  
        The student scholarship is supported by 
Protein and Proteomics Research Center for 
Commercial and Industrial Purposes, Khon Kaen 
University. The instrument service (fluorescence 
microplate reader) was provided by Research 
Instrument Center, Khon Kaen University, 
Thailand. B. thailandensis UE5 strains were kind 
gifts from Melioidosis Research Center, Khon Kaen 
University.

536



BMP6-8 
 

 References 
Andreae CA, Richard WT, Butler CS. 2014. 
 Influece of the molybdenum cofactor 
 biosynthesis on anaerobic respiration, 
 biofilm formation and motility in 
 Burkholderia thailandensis.  Res 
 Microbiol. (165): 41-49. 
Ansari MJ, Ghamdi A, Usmani S, Noori S, Waili A, 

Sharma D, Nuru A, Attal YA. 2013. 
Effect of jujube honey on Candida 
albicans growth  and biofilm formation. 
Arch Med Res. (44): 325-360. 

Bordi C, Bentzmann S. 2011.  Hacking into 
 bacterial biofilms: a new therapeutic 
 challenge. Annaks of Intensive Care. (19): 
 1-8. 
Dosler S, Karaaslan E. 2014. Inhibition and 
 destruction of Pseudomonas aeruginosa 
 biofilms by antibiotics and antimicrobial 
 peptides. Peptides. (62): 32-37.  
Chung M, Dean S, Marakasova ES, Nwabueze AO, 

Hoek MLV. 2014. Chitinase are negative 
regulators of Francisella novicida 
biofilms. Plos one. 3(9): 1-12. 

Chung PY, Toh YS. 2012. Anti-biofilm  agents: 
recent breakthrough against multi-drug resistant 
Staphylococcus aureus. Pathogens and 
disease. (70): 231-239. 

Jorge P, Lourenco A, Pereira MO. 2012. New 
 trends in peptide-based anti-biofilm 
 straegies: a review of recent achievements 
 and bioinformatic approaches. 
 Biofouling. (28): 1033-1061. 
 
 

Kanthawong S, Bolscher JGM, Veerman ECI, 
Marle JM, Nazmi K, Wongratanacheewin 
S, Taweechaisupapong S. 2010. 
Antimicrobial activites of LL-37 and its 
truncated variants against  Burkholderia 
thailandensis. Int J Antimicrob Ag. (36): 
447-452. 

Kespichayawattana W, Intachote P, Utaisincharoen 
P, Sirisinha S. 2004. Virulent 
Burkholderia pseudomallei in more 
efficient that a virulent Burkholderia 
thailandensis in invasion of adherence to 
cultured human epithelial cells. Microb 
pathogenesis. (36): 287-292. 

Park S, Park Y, Hahm K. 2011. The role of 
antimicrobial peptides in preventing 
multidrug-resistant bacterial infections 
and biofilm formation. Int J Mol Sci. (12): 
5971-5992. 

Poole K. 2011. Pseudomonas aeruginosa:  resistance to 
the max. Frontiers in microbiology. (2): 1-
13. 

Taweechaisupapong S, Kaewpa C, Arunyanart C, 
Kanla P, Homchampa P, Sirisinha S, 
Proungvitaya T, Wongratanacheewin S. 
2005. Virulence of Burkholderia 
pseudomallei does not correlate with 
biofilm formation.  Microb pathogenesis. 
(39): 77-85. 

Tyson SM, Smither SJ, Harding SV, Atkins TP, 
 Titball RW. 2009. Protective efficacy of 
 heat-inactivated B.  thailandensis, B. 
 mallei or B. pseudomallei against 
 experimental melioidosis and glanders. 
 Vaccine.  (27): 4447-4451. 
 

537



BMP6-9 
 

Sawasdidoln C, Taweechaisupapong S, Sermswan 
RW, Sermswan RW, Tattawasart U, Dubkul 
T, Wongratanacheewin S. 2010. Growing 
Burkholderia pseudomallei in biofilm 
stimulating conditions significantly 
induces antimicrobial resistance. Plos one. 
5(2): 1-10. 

Siala W, Leclercq MM, Tulkens PM, Hallin M, 
Denis O, Bambeke FV. 2014. Comparison 
of antibiotic activities of daptomycin, 
vancomycin, and the investigational 
fluoroquinolone delafloxacin aginst biofilm 
from Stapphylococcus aureus clinical 
isolates. Antimicrob Agents Ch. 
(58):6385-6397. 

Schmitt J, Nivens D, White DC, Flemming HC. 
 1995. Changes of biofilm properties in 
 response  to sorbed substances an FTIR-
 ATR study. Water Sci Technol. (32): 149-
 155. 
Skogman ME, Vuorela PM, Fallarero A. 2012. 

Combining biofilm matrix measurement 
with biomass and viability assays in susceptibility 
assessments of antimicrobials against 
tapphylococcus aureus biofilms.JAntibiot. 
(65): 453-459.               

 
 
 
 
 
 
 
 
 

Wang H, Ding S, Wang G, Xu X, Zhou G. 2013. In 
situ characterization and analysis of 
Salmonella biofilm formation under meat 
processing environments using a 
combined microscopic and spectroscopic 
approach. Int J Food  Microbial.(167): 
293-302.     

West TE, Frevert CW, Liggitt HD, Skerrett S. 2008. 
Inhalation of Burkholderia thailandensis 
resulting in lethal  necrotizing pneumonia 
in mice: a surrogate model for pneumonia 
melioidosis. T Roy Soc Trop Med H. 119-
126.   

Yoon Y, Kim J, Byun M, Choi KH, Lee JW. 2010. 
Effect of gamma irradication on 
Burkholderia thailandensis (Burkholderia 
pseudomallei surrogate) survival under 
combinations of pH and NaCl. Radiat 
Phys Chem. (79): 545-548. 

 

538




